The majority of antiviral compounds at present being tested in man, such as 5-iodo-2-deoxyuridine (13), 1-methylisatin, 3-thiosemicarbazone (4), and 1-adamantanamine hydrochloride (7) have no direct virucidal action, but act by interference with some stage of virus replication. However, it may be possible to destroy viruses extracellularly if sufficiently active and specific compounds can be synthesized, and a series of isoquinolines have been tested recently which may act in this manner (5, 12) . We describe the antiviral activity of a mixture of virucidal compounds, Resiguard F, which contains quaternary ammonium, detergent, and citric acid. Although some of the constituents of Resiguard F would be expected to have individual antiviral activity (1, 2, 9), we were particularly interested in any synergistic effect which could result in a more potent virucidal activity. In particular, it was considered that such a mixture of compounds might exhibit a greater virucidal effect in vivo than that of its individual constituents.
MATERIALS AND METHODS Chemicals. Resiguard F, kindly supplied by J. M. Weston, Aspro Nicholas Research Laboratories, Slough, England, was stored at 4 C. The constituents were 3.0% benzalkonium chloride, 2.75% octylphenoxypolyethoxyethanol (Triton X100), and 0.25% picloxydine digluconate in 10.0% citric acid. The pH of the mixture when diluted 1:80 in deionized water was 2.8. grown in Eagle's basal medium containing 10% inactivated calf serum and were maintained in medium 199 containing 4.4 g of sodium bicarbonate per liter.
Chick kidney, HEp-2, and W138 cells were grown in Eagle's basal medium with 10% fetal bovine serum (Flow Laboratories, Irvine, Scotland) and were maintained in the same medium modified to contain 2% fetal bovine serum.
Viruses. Influenza strains AO/PR/8/34 and A2/ Hong Kong/l/68 were propagated allantoically in 10-day-old embryonated hens' eggs (14) . Herpesvirus hominis and vaccinia virus were cultured and titrated for infectivity in (16) . In contrast, Triton X100 appeared to increase the hemagglutinin titer, perhaps by disaggregation of virus particles or by splitting off free hemagglutinin from the virus particle. Triton X100 had no detectable inhibitory effect on the virus neuraminidase antigen (Table 3 ). In contrast, citric acid at a dilution of 1: 80 was the most active constituent against the neuraminidase and caused a 57.2% inhibition of enzyme activity; benzalkonium chloride caused a 25.0% inhibition and Resiguard F caused a 27.8% inhibition.
The mode of action of Resiguard F was further studied by electron microscopy. In control preparations of influenza virus incubated with deionized water only, the virus appeared as pleomorphic particles with an outer fringe. After 20 min of incubation with a 1:80 dilution of Resiguard F, the outer fringe had become indistinct in the majority of virus particles, and disintegrated and clumped influenza virus particles were seen in the preparations ( Fig. 1 and 2 ). (6) .
No evidence was detected of any synergistic activity of the constituents of Resiguard F. Early studies by Bauer (3) indicated possible synergic activity between isatin thiosemicarbazone and certain phenoxypyrimidines in vaccinia infection in mice. In addition, an additive effect has been described for interferon and amantadine (10 of antiviral activity of the chemoprophylactic agents at present available.
